The main factors which are responsible for an annual variation of apparent resistivity are variations of ground water level and ground temperature . In order to estimate quantitatively the influence of these factors, apparent resistivity changes were calculated by using the finite element method. The calculation results yield the following conclusions. (1) The influence of variation of ground water level on the annual variation of apparent resistivity is larger than that of ground temperature . (2) The depth of bedrock strongly controls the amplitude of annual variation of apparent resistivity; that is, shallower bedrock enhances the amplitude more greatly . (3) In order to suppress the annual variation of apparent resistivity, it is necessary to select an appropriate electrode span. For example, if the depth of bedrock is 10m , the electrode span AB/2 must be larger than 1000m to reduce the amplitude of annual variation to about 1%. If the depth is larger than 200m, the electrode span of 50m will reduce the amplitude of annual variation to less than 1% . Accordingly, in order to monitor changes in the resistivity of sediments associated with earthquakes , it is better to establish a geoelectric station at a location where bedrock is deeper.
Introduction
Annual variations in apparent resistivity have been observed at many observation sites and hence studies of resistivity changes associated with earthquakes have been difficult. Figure 1 (a) shows an example of the annual variation of apparent resistivity which was observed at Linyi, Shandong Province, China (JIN,1981) . Based on the correlation analysis method, JIN et al. (1984) pointed out that the main factors responsible for the annual variation of apparent resistivity are variations of ground water level and ground temperature. However, the correlation analysis method discloses only the superficial connection between different phenomena and provides little information on the inner link between these phenomena; for instance, the method can not provide quantitative estimation of the influence of these factors on apparent resistivity.
In this paper, we analyze quantitatively the influence of ground water level, ground temperature and the depth of bedrock on apparent resistivity by making calculations of apparent resistivity. We first attempt to establish the subsurface geoelectric structure. The structure is by no means homogeneous and hence we rely on the finite element method to compute the apparent resistivity. The calculation results show that the influence of variation of ground water level on the annual variation of apparent resistivity is larger than that of ground temperature. It has been found from resistivity observations that the depth of bedrock strongly controls the amplitude of annual variation of apparent resistivity. The depth of bedrock at Linyi is very shallow, only 8 m, as shown in Fig. 1 (d) . Even for the electrode span of 744m, the amplitude of annual variation is larger than 3% (JIN, 1981) . On the other hand, the depth of bedrock at Heze, Shandong Province, China, exceeds 100m and the amplitude of annual variation of apparent resistivity rapidly decreases with the increasing electrode span (JIN et al., 1984) . The amplitude amounting to about 27% of the resistivity value was observed for the electrode span of 15m ( Fig. 2(b) ). But the amplitude decreases to 3%, when the electrode span is extended to 90m ( Fig. 2(a) ). Theoretical calculations attempted in this paper also show that the depth of bedrock greatly affects the annual variation of apparent resistivity.
The Influence of Ground Temperature on Apparent Resistivity
Variations of ground temperature Tare caused by variations of air temperature and obey the following formula (JACOBS, 1974) : (1) depth from the earth's surface.
Based on the experiment (JIN, 1981) , the relation between the resistivity of water-bearing rock and the temperature is expressed for the normal temperature range as (2) obtain the curves of resistivity, near the ground surface, against depth for summer and winter, respectively, as shown in Fig.  3 (b) . 
The Influence of Ground Water Level on Apparent Resistivity
The moisture of soil greatly influences the resistivity of soil. Figure 5 (d) shows an experimental curve of resistivity against moisture of soil. The influence of moisture on the resistivity is found to be much greater than the influence of temperature. When the moisture changes from 2% to 20%, the resistivity decreases by two orders of magnitude. However, when the moisture is greater than 20%, the resistivity of soil remains roughly the same. We assume that the ground water level is 2m deep in summer and 4m deep in winter. We also assume that the moisture of soil below the ground water level is 20% and it linearly decreases upward above the level. Under these assumptions, the distribution of moisture with depth is derived as shown in Fig.  5 (a) .
Combining Fig. 5 (a) and (d), we obtain curves of the resistivity against depth for summer and winter, respectively, as shown in Fig. 5 (b) . Also, we assume that the these models of resistivity distribution we compute the apparent resistivity, using the finite element method.
Calculation results show that the apparent resistivity is lower in summer than in derived curves of the amplitude of annual variation against electrode span AB/2, as shown in Fig. 5 (c) . Comparing Fig. 5 (c) with Fig. 3 (c) , it is evident that the influence of ground water level on the annual variation of apparent resistivity is larger than that of 
Overall Influence Caused by Ground Water Level and Ground Temperature
We now consider simultaneous influence of ground water level and ground temperature on the annual variation of apparent resistivity. Combining Fig. 3 (b) and Fig. 5 (b) , we obtain curves of resistivity against depth for summer and winter , respectively, as shown in Fig. 6(a) . The amplitude of annual variation of apparent resistivity against electrode span is shown in Fig. 6 (b) . Because of superposition of the two kinds of influence, the amplitude of annual variation is more enhanced. But the basic characteristics of the relation between the amplitude and the electrode span and between the amplitude and the depth of bedrock are the same as above.
Conclusions
Based on the above results, we can derive the following conclusions: (1) Ground water level and ground temperature greatly influence the apparent resistivity, giving rise to its annual variation. The influence of ground water level is larger than that of ground temperature.
(2) The depth of bedrock strongly controls the amplitude of annual variation of apparent resistivity; shallower bedrock enhances the amplitude more greatly.
(3) In order to suppress the annual variation of apparent resistivity, it is necessary to select an appropriate electrode span. For example , if the depth of bedrock is 10m, the electrode span AB/2 must be larger than 1000m to reduce the amplitude of annual variation to about 1%. If the depth is larger than 200m , the electrode span of 50m will reduce the amplitude of annual variation to less than 1% . The author is grateful to Dr. Y. Honkura for his help in revising the original manuscript.
